








contrast to the wrought material, the LB-PBF has a much higher density of low angle grain
boundaries. Porosity was also observed for the BB-Raterial while unsurprisingly being absent
from the wrought material.

Figure 3: Microstructure of additive manufactured and wrought 316L stainless steel.

The stress-displacement curves for LB-PBF and wrought material in distilled H20O at both

RT and 37°C is given in Figure 4. The LB-PBF condition showed higher yield strgsand
ultimate tensile stress (UTS) accompanied by losl@ngation to failure. The improved strength
of the LB-PBF material in most likely a resualt the finer microstructure, i.e. grain boundary

strengthening.

Figure 4: Stress-displacement curves for LB-PBF and wrought material at both room temperature and 37°C.
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The fracture surfaces of the failed specimens gave no indication of brittle fracture for any
of the test environments. Figure 5 gives a representation of select environments and temperatures.
While all environments and temperature combinations are not covered in this image, the results
show little to no indication of brittle failure. In both wrought and LB-PBF and all environmental
conditions, the typical fibrous and ductile shear failure areas were observed. The LB-PBF material
did show larger void growth which can be seen as the porous looking areas on the fracture surface.
This is most likely due to the presence of the process induced porosity and could be leading to the
lower elongation to failure observed for the LB-PBF material.

200 pm

AM - 3.5% NaCl - 37C AM - Ringer’s - pH 2 - 37C Wrought - 3.5% NaCl - 23C

Figure 5: Fracture surfaces of select specimens in various environments and temperatures.

The SSR SCC tensile results for both AM and Wrought in all environmental conditions
and temperatures are shown in Figure 6a-d. Similar to the stress-displacement curves shown in
Figure 6a, the elongation to failure is lower for all AM tests regardless of environment with the
23°C tests showing slightly higher elongation to failure than the 37°C tests. Interestingly, while
elongation to failure and reduction of area (ROA) are both measures of ductility, the ROA did not
show the same temperature dependence that was observed for elongation to failure, as shown in
Figure 6b. The difference between the AM and wrought material, however, was still evident. Time
to failure (TTF) for each condition is shown in Figure 6¢ and, following the observations made for
elongation to failure, the AM material showed much lower TTF than the wrought material with
the 23°C showing slightly higher TTF than the 37°C tests. Lastly, the UTS for each condition is
shown in Figure 6d. The AM material actually showed slightly higher UTS than the wrought
material with no temperature dependence being evident for any condition.
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To assess the susceptibility of EAC under SSR testing, ASTM G129 requires the
comparison SSR ratios of the chloride environment to the control. Decreasing SSR ratios can be
indicative of susceptibility to stress corrosion cracking with ratios that drop below 0.9 showing a
higher sensitivity to the harsh environment. Table 1 list all ratios for each condition compared to
its control. It is important to note that the condition can only be compared to a control with similar
conditions. For example, the AM test conducted at 23°C in 3.5% cannot be compared to the control
(distilled H20) for AM conducted at 37°C or with the control for wrought at 23°C. Surprisingly,
Table 1 shows that the AM condition shows very little susceptibility to chloride environments as
all ratios are greater than or equal to 0.95. This is similar to what was shown for the wrought
condition at 23°C in 3.5% NaCl.

Table 1: Failure ratios for all test conditions.

Sample Test Elongation to Reduction of Area | Time to Failure
Type . Solution | Failure Ratio (ELR) Ratio (ROAR) Ratio (TTFR)
AM 23C D Water

Machined 1.00 1.00 1.00
23C 3.5%
NaCl 1.02 0.98 1.12
37C D Water
1.00 1.00 1.00
37C Ringer’s
1.00 0.95 0.95
37C Ringer’s —
pH 2 1.03 1.00 0.98
37C 3.5%
NaCl 1.05 0.97 1.04
Wrought 23C D Water 1.00 1.00 1.00
Machined
3.5%
23C NaCl 0.97 1.01 1.03
Conclusions

Results from this preliminary study indicate that the LB-PBF material does not show
susceptibility to SCC under the tested conditions. While the tensile behavior of the LB-PBF
material shows large differences compared to the wrought material, there was little to no evidence
of brittle fracture on the fracture surfaces related to EAC. Additionally, ratios of the tensile
properties compared to the control were essentially unity, indicating that SCC behavior was
significantly different between the control and harsh environment. These results, while positive,
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show the promising potential additive manufactured austenitic stainless steels in harsh
environments. It must be noted, however, that while slow strain rate testing can be useful in
determining the susceptibility of materials to SCC, the service life of these parts are often vastly
longer than what takes place during this test method. Additionally, the fatigue properties of
materials used in harsh environments is often more sensitive and, therefore, more rigorous studies
are needed to fully understand the effect of EAC on these materials.
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